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FOUNDATION CONSTRUCTION ON RANDOM FILL 
Nasser Massoudi 
Woodward-Clyde International-Americas 
1400 Umon Meeting Road 
Blue Bell, Pennsylvama-USA-19422 
ABSTRACT 
Paper No. 1.22 
Due to the high cost premiums associated with development on virgin lands, it is not uncommon to find new structures planned for 
construction over filled grounds. Such structures vary in function ranging tfom industrial facilities to public institutions. This paper 
presents three case histories related to construction or shallow roundations on random fill for a factory building, a public library, and a 
college building. The factO!)' building was constructed part!)' over deep uncontrolled fill with little foundation improvement and partly 
over residual soils. The library was constructed partly over a randomly filled, abandoned quarry and partly over pinnacled limestone and 
residual soils. Foundations in the quarry area were treated by preloading, while others were improved by selective undercutting. 
Foundations for the college building were constructed on improved ground using deep dynamic compaction. The case histories illustrate 
that shallow foundations, \.Vith some type of ground improvement. can be used in uncontrolled fill area'>. In limited cases, where a greater 
differential movement can be tolerated, foundations may require relatively little ground improvement. In all cases, however, where 
shallow foundations arc planned for construction over uncontrolled fill, it is paramount to recognize and disclose the attendant risk to 
future settlement. 
KEYWORDS 
Fill, Random Fill, Uncontrolled Fill, Limestone. Residual Soils, Decomposed Rock, Sinkhole, Preloading, Undercutting, Dynamic 
Compaction. 
INTRODUCTION 
The critical issue in design and construction of roundation~ over 
filled areas is the control of differential movement due to non-
uniformity in subsurface conditions. Foundation failures have 
occurred in many in~tances when shallow foundations \\:ere 
constructed over random fill and excessive JiOCrcntial 
movements occurred (Khan and Kazimi, 1993). It is always 
tempting to control such movements through the utilization of 
deep foundations. Hmvever, they are costly and in certain 
instances not readily constructible due to the specifics of a site, 
e.g. due to inclusions such a~ boulder.~ or other obstmctions. 
The case histories that are presenled, relating to construction of 
shallow foundations in random fill areas, assert thar shallovv 
foundations are viable foundation alternatives in such cases. It 
is imperative, however. that the associated risks, uncertainties, 
and consequences be recognized and disclosed. A study of over 
50 case histories of failure by Moorehouse and Millet (1994) 
indicated that in nearly 40% of the case.;; the associated risks 
were not disclosed, and in an even higher percentages of the 
cases the professionals·· recommendations were not follow·ed 
during construction. It is implied that if the risks and 
consequences are clearly stated, there is a greater inclination to 
follov.' the professionals' recommendations and minimize the 
potential to future unacceptable pcrfonnance of the structure. 
The case histories that are presented illustrate the risks or issues 
that were significant to the site development for each case. In 
presenting the cases, the tenns random fill and uncontrolled fill 
are used interchangeably, referring to a mass of soil that has 
been indiscriminately dumped in place withoul control of 
engineering properties, and which may include debris. 
FACTORY BUILDING 
The building consisted of a single story structure with moderate 
column loads of 100 kips, yet heavy tloor loads of 600 pounds 
per square foot. Commercial and industrial facilities surround 
the site, including a one-million gallon above-ground oil storage 
tank. Review of historic topographic and aerial photographs 
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mdicated that the site had been periodically filled for the past 25 
years. The fill material \Vas identified as non-hazardous. 
Results of an investigation by test borings at the location of the 
planned structure indicated the presence of random fill, 
underlain by natural residual soils and decomposed to intact 
rock. The natural soils were found competent in load-bearing 
capabilities. However, the overlying fill material was variable 
in density with standard penetration test (SPT) values indicating 
very loose to very dense conditions. The fill varied in gradation, 
was predominantly granular. and included bricks, furnace coke, 
debris, and concrete rubble. A typical subsurface profile of the 











Fig 1. SubsurjOce Prqjile at Lhe Faclory Building Site. 
From the aspect of site development, the most significant 
feature at the site was the extent of the variable fill material. 
The thick deposit of uncontrolled fill presented unfavorable 
conditions which could entail significant cost premiums for the 
provision of adequate foundation support for the building. The 
fill, covering at least tvvo-thirds of the building area. ranged in 
depth trom 0.6 to 8.5 m (2 to 28 tl}, reaching 12.8 m (42 ft) m 
some areas. The variable density of the fill indicated that its 
potential for compression under the building loads could vary 
significantly. 
Five options were considered for support of the structure in the 
deep fill area. They are listed in Table I, ranked in terms of risk 
factor and cost Option I entailed a lmv risk, but the cost was 
prohibitively large. Options 2 and 3 entailed a lmv risk. with 
moderate costs, and the potential difficulties (or higher costs) in 
installing deep foundations to final depth. Option 4 entailed a 
low risk to future foundation settlement, but a moderate risk to 
adjacent structures, \Vith a moderate cost factor. Option 5 
entailed a moderate risk factor to future settlement and 
remediation. but with the lmvest cost. 
The final selection or foundation type was hascd on economic 
feasibility and the willingness of the owner to accept the risks 
associated with polcntial future excessive settlement. The 
owner, architect, structural engineer, and the geotechnical 
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engineer met and discussed the ramifications of each option, 
to ensure that all parties understood the risks associated with 
each of the foundation alternatives. The owner selected 
Option 5, accepting certain degrees of risk. The risk entailed 
the possibility of future remediation costs and possible 
disruption of manufacturing activities during the remedial 
operations. 
Table /. C'ompari.wm o{J-. 'oundation Support Options. 
Option Ri~k Fst. Comments 
Factor Cn:-.t 
l. Remove Low 22.00 
and replac..:: 
" " all till, usc \tt_Ci'.0 shallow foundations 




area on pile:-. 
3_ Support Low 3.00 
columns, 





4. Improve I .ow, hut 3.00 





5. Partially rvloderatc 2.00 
ex. change 
.. .. fill, support "-..-\-~--1'\~ .... r 
columns. ~ ,. ., ... ' ,~ ..... -..J ..._:___J 
\valls, lloor 
' 
' :;,iabs on ',, ... _________ 
shallow 
foundations 
;..!otc: Cnsts are m $/square foot ot blllldmg area. 
roundations were constructed following the recommendations 
made under Option 5. Floor slab and foundation support areas 
were undercut by at least 0.9 m (3 ft), 0.6 m (2 tl) in light 
floor areas, and replaced with compacted load-bearing fill. 
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Some areas were further undercut, by as much as an additional 
1.2 m ( 4 ft), as found necessary by the geotechnical engineer 
during the excavation and proof-rolling of foundation areas. 
The superstructure was raised immediately after foundation 
construction, and was completed in 1991. The building has 
since been in service for manufacturing purposes, and has 
been performing satisfactorily, with no signs of apparent 
distress. The owner has reported that continual inspection of 
the premise has not revealed any cracks or other signs of 
distress. 
PUBLIC LIBRARY 
The library is a one·story structure with masonry and glass 
exterior, and with typical column loads of about 125 kips. A 
preliminary foundation investigation for the library indicated 
that the planned structure was located in a deep random fill 
area, the site of an abandoned quarry. The depth to bottom of 
the quarry was estimated to be at least 6.1 m (20 ft). Based on 
SPT test results, the fill density was classified as very loose to 
very dense. The fill was predominantly granular and included 
asphalt, concrete, bricks, metal, tires, \Vood, and was 
determined to be non-hazardous. Several options were 
recommended for improving the fill for foundation purposes, 
each with an associated cost and future degree of risk to 
settlement. Strong emphasis, however, was placed on 
relocating the library outside the quarry area. The 1 ibrary 
footprint was subsequently moved outside the quarry area to 
mitigate the risks. 
A final geotechnical investigation \Vas performed at the new 
site, adjacent to the quarry. The new site \Vas found underlain 
by residual soils and solution·prone carbonate rocks. rhe 
primary issues related to construction of foundations in the 
new area were associated with post-construction ground loss 
in undetected sinkholes, differential settlement as a result of 
non-uniformity in underlying strata and different 
compressibility of the foundation soils, and stability of any 
foundations located ncar the abandoned quarry. 
To mitigate the risks to ground loss, non-unifom1ity in strata, 
and varying compressibility foundation soils, a continuous 
foundation system was recommended because of such a 
system•s ability to redistribute loads and help control angular 
distortions. In addition. foundations were designed to be 
capable of spanning over a 1.2 m (4 ft) diameter loss-of-
support zone to mitigate the potential for future sinkhole 
development. Proof-testing of column iocations during 
construction was also included in the specifications to confirm 
the absence of pre-existing voids. To reduce stress 
concentration in the fOotings at soil/rock transitions, where 
present, the rock would be overexcavated and replaced with 
ISO mm (6 in.) of compacted load-bearing fill. For stability of 
foundations in close proximity to the abandoned quarry, it was 
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recommended that the sioping portion of the existing quarry 
fill be excavated and then replaced with compacted fill at a 
flatter slope to act as buttress against the quarry face. Rock 
dowels would also be installed at the quarry face to prevent 
lateral movements at the face. The recommendations were 
also explicit in having a geotechnical engineer observe the 
excavation, fill placement and compaction, and dowel 
installation. Throughout the design stage, it was believed that 
the library building was located completely beyond the extent 
of the quarry. 
After 2 years. the owner, also acting as the general contractor, 
started construction by making a 6.1 m (20 ft) deep cut in the 
quarry area, adjacent to the location of the planned library, to 
place the buttress fill. Upon completion, they found that the 
quarry face protruded into the planned library foundation area 
by as much as 7.6 m (25ft), and the bottom of the cut was in 
unstable quarry fill. The geotechnical engineer was called 
upon at that point to evaluate the situation. A number of 
options, including cost and impact on surrounding facilities, 
were considered for foundation support in the quarry area, 
consisting of deep foundations, dynamic compaction, fill 
exchange, preloading by surcharge, and relocation of the 
library. All but the latter lwo options were rejected by the 
owner for various reasons. The final remediation consisted of 
further relocating the library away from the quarry and 
prcloading the remammg quarry fill underlying the 






















Fig 2. Improvement of Foundation Conditions in Quarry 
Area. 
Fill placement, compaction, and surcharging of the area were 
completed in about a month. Results of the surcharging, as 
shown in Fig. 3, indicated that after the full surcharge had 
been in place for about a 2-week period, at least 75 to 100 mrn 
(3 to 4 in.) of settlement of the underlying quarry fill had 
occurred and the rate of compression had substantially 
reduced. A fler another 2-week period had elapsed with no 
appreciable change in compression, the surcharge was 
removed and foundation construction commenced. 
Construction of the library was completed in 1994. The 
building has been in service since then, with no reported signs 
of movement or structural distress. 
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Fig. 3. Compression Due to Surcharging oft he Quarry 
Materials. 
COLLEGE BUILDING 
The building is a 4-story classroom/library \Vith moderate to 
heavy column loads ranging rrom 125 to 500 kips. The site of 
the new building was once a railroad yard, for possibly more 
than I 00 years. Numerous rail lines traversed the site, 
including a depot, which were demolished. Old foundations 
were believed to still be buried in place. Results of an 
environmental study indicated that the site soils were 
contaminated with petroleum hydrocarbons. 
Results of test borings at the site indicated the presence of 
about 1.5 to 3.1 m (5 to I 0 ll) or random filL The fill 
consisted of layers of clay and sand and gravel. and included 
pipes, railroad ties. bricks. coal, slag, cinder, and shell 
fragments. Based on SPT test results, the density of the fill 
ranged from medium dense to very dense, and generally 
decreased with depth. The underlying bedrock \vas mapped as 
limestone with no apparent signs of solutioning. 
The mo"t <;ignificant issues controlling the site development 
were the presence of the random till and the contamination. 
Due to the variable nature and potential compressibility of the 
fill, this stratum was considered unsuitable for foundation 
support in its existing condition. Also, the clean-up 
objectives, as mandated by the local regulatory agencies, had a 
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major impact on the type of foundation and ground 
improvement at the site. 
Several options were considered, consisting of shallow 
foundations on improved ground (improvement by fill 
exchange, dynamic compaction, stone columns) and deep 
fOundations, each with an associated relative cost. The 
structural engineer selected a mat foundation with ground 
improvement using deep dynamic compaction (DOC). The 
mat foundation lowered the initially anticipated ground 
pressure and provided enhanced load redistribution in the 
event or non-uniformity in compressibility of the improved 
fill, as well as having the capability of spanning over a 
potential void due to sinkhole activity arising from the 
presence of the underlying limestone. The purpose of the 
DDC was to improve the load bearing capabilities of the till 
and to eliminate any voids w·hich might exist within the fill. 
In addition, densification of the fill would reduce the amount 
of excavation of contaminated soils, which entailed a high 
disposal cost. 
The foundation area was treated by repeated dropping of an 
11-ton weight from a height of 15.2 m (50 fi), with drop 
points at 4.6 m ( 15 ll) spacing center-to-center. Based on the 
results of post-DOC testing, a second ironing pass was 
performed, dropping the weight twice from a height of 6.1 m 
(20 ft) at previous impact locations. Additional confirmatory 
testing perfom1ed after the ironing pass did not result in the 
expected Improvement of the till at all locations. 
Subsequently, the DDC depressions were filled in, the site was 
graded to design subgrade, and the subgrade was proof-rolled 
using a heavy duty vibratory roller. As Indicated by the 
proof-rolling operation, some portions of the foundation area 
required undercutting by as much as 1.5 m (5 ft), with the 
undercut zones subsequently backfilled with compacted 
structural fill. 
Foundation construction started immediately after completion 
of the carthv.-'ork. The superstructure was completed in 1994. 
The structure has since heen occupied and no reported signs of 
settlement. 
CONCLUSIONS 
In designing for foundation support over randomly filled 
ground, especially for heavily loaded structures, deep 
foundations would be preferred if cost and constructibility 
issues are justified and resolved. However, deep foundations 
are not only expensive, but in random fill areas are also 
subject to constructibility problems due to the presence of 
obstructions, resulting in pile damage, lack of plumbness, or 
"hang-up" above the bearing stratum. Shailow foundations, 
however, can often be used in conjunction with ground 
improvement. Except for critical facilities which are very 
&cnsitive to movements. shallow foundations can become even 
Fourth International Conference on Case Histories in Geotechnical Engineering 
Missouri University of Science and Technology 
http://ICCHGE1984-2013.mst.edu
more cost-effective if the engineer's cost-reducing endeavors 
arc matched by the owner's understanding and acceptance of 
certain risks due to future settlement. The process requires 
that the geotechnical engineer carefully study the available 
information and recommend suitable, yet economicaL 
foundation alternatives. It is imperative that the engineer is 
ever-conscious of the risks, cleariy states the uncertainties and 
consequences, and exercises sound engineering judgment to 
successfully "draw-the-line" between acceptable risk and 
economy. 
In designing shallow foundations over filled grounds. the 
following points merit consideration. 
1. Delineation of till extent and condition: Typically 
perfom1ed by test borings, or other in-situ tests. the lateral 
extent, depth, and the condition of the fill should be 
defined. Other information. such as old and recent aerial 
photos, topographic maps, and local. records \Viii be 
helpful in assessing the conditions. 
2. Potential for contamination: If suspected, especially in 
areas which may have been indiscriminately filled, 
determining the (hazardous) nature of the contamination 
is warranted. The investigation should consider how the 
presence of the contamination will impact foundation 
design and construction. 
3. Foundation options; Seveml foundation options may be 
viable, but only a limited number will either be 
economical or have the least risk. A comparison of the 
cost and risk associated \vith each option is helpful in 
selecting a suitable foundation. If a shallow foundation 
system is selected, the use of continuous foundations and 
improved soil conditions lower the risk to adverse future 
foundation performance. 
4. Owner/architect understanding: The mvner and architect 
should be involved \vith the foundation selection, 
especially if shallov..' foundations are considered. The 
risks associated with future foundation performance 
should be clearly equated to the economic benefits of the 
less costly foundation alternatives. 
5. Documentation: In finalizing re~,;ommendations. the 
foundation selection process, the assumption of risks. 
details of the foundation design and earthwork. etc. 
should be clearly stated, leaving little room for 
misinterpretations in the future. Review of the foundation 
design criteria by an experienced peer is essential. 
6. Qualifying recommendations: The recommendations 
should be qualitied, as a minimum, to account for 
unexpected variability of subsurface conditions, revievv of 
foundation plans and specifications, competent 
construction, and resident engineering by a geotechnical 
engineer. 
For technical consideralions, and to primarily control post-
construction settlement associated \\'ith shallow foundations 
over filled grounds, the following deserve notice. 
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I. Improvement of foundation soils: To the degree required, 
from selective undercutting to a more advanced ground 
improvement method, improvement of foundation soils 
will help mitigate a significant proportion of the risk to 
adverse future foundation performance. 
' Conlinuous foundations: If unacceptable differential 
movements are expected, continuous foundations offer 
the advantage of distributing the foundation loads and 
lowering the differential movements. 
3. Loss-of-support criterion: Foundations designed for a 
loss-of-support criterion will be able to span over a void, 
or a yielding zone, which may not necessarily be detected 
during foundation investigation or construction. 
4. Hard-soft area transitions: A cushioning of the hard 
foundation transition areas, e.g. from rock to soil, helps 
with a more uniform foundation load distribution, hence a 
lower differential movement of the foundation in the 
transition area. 
5. Evaluation of foundation conditions: To detect yielding 
zones which require repair, or to detect voids or other 
anomalies, proof-testing of the foundations, especially at 
column points, should be considered. 
6. Resident engineering: Due to the necessarily limited 
scope of geotechnical investigations and the relatively 
considerable variability in random materials, a 
proportionally large number of foundation issues may 
need to he resolved during construction. Following the 
concept of "design through construction" ensures 
addressing unanticipated conditions and verifying design 
assumptions. 
REFERENCES 
Khan, I. H. and S.M.A. Kazimi, [1993]. "Failure of Buildings 
Founded on Fills". Proc. Third Inti. Conf. on Case Histories in 
Ueotech. Engrg., St. Louis, MO, pp. 1441-1445. 
Moorhouse, D.C. and R.A. Millet [1994]. "IdentifYing Causes 
of f-ailure in Providing Geotechnical ami Environmental 
Consulting Services", Journal of Management in Engrg., Vol. 
l O.No.J,pp.56-64. 
Fourth International Conference on Case Histories in Geotechnical Engineering 
Missouri University of Science and Technology 
http://ICCHGE1984-2013.mst.edu
